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Pro tec t i on  Branch Report o f  Test No. 16-67 
Recovery o f  Vegetat ive Bac te r ia  f rom Eccofoam FP 
and Diatomaceous Ear th  
A t  the request o f  Lawrence B. Ha l l ,  P lanetary  Quarant ine O f f i ce r ,  
NASA, a b r i e f  i n v e s t i g a t i o n  was undertaken t o  determine whether vegeta t ive  
b a c t e r i a  can ( 1 )  su rv i ve  the  polymer izat ion process o f  a p l a s t i c  and (2) 
su rv i ve  f o r  shor t  per iods the rea f te r  i n  p l a s t i c  o r  o the r  ma te r ia l s .  Th is  
Laboratory  showed e a r l y  i n  i t s  spacecraf t  s t e r i l i z a t i o n  s tud ies  t h a t  the 
b a c t e r i a l  contaminat ion recovered from the i ns ide  o f  e l e c t r o n i c  components 
was f r e q u e n t l y  a vegeta t ive  cocc i  L!
has no t  been poss ib le  t o  determine the t o t a l  number o f  v i a b l e  microorganisms 
present i n s i d e  a component. I t  i s  not t e c h n i c a l l y  f e a s i b l e  t o  completely 
p u l v e r i z e  o r  d i s s o l v e  a component and l i b e r a t e  a l l  entrapped microorganisms 
w i thou t  k i l l i n g  an unknown number. The per iod  t h a t  vegeta t ive  b a c t e r i a  
w i l l  su rv i ve  i n  the  components has not been s p e c i f i c a l l y  tested.  Previous 
t e s t s  i n  t h i s  Laboratory d i d  show tha t  E. s u b t i l i s  spores can su rv i ve  f o r  
more than two years i n  Eccofoam FP p l a s t i c .  Since d i a  maceous e a r t h  was 
cluded i n  these tes ts .  
The work was q u a l i t a t i v e  s ince  i t  
found t o  o f f e r  p r o t e c t i o n  f o r  spores aga ins t  d ry  heat - E9 , i t  a l s o  was i n -  
Thus, t h i s  i n v e s t i g a t i o n  was designed t o  inc lude the f o l l o w i n g  
c r i t e r i a :  ( 1 )  a h igh  concentrat ion o f  vegeta t ive  c e l l s  incorporated i n  a 
s o l i d  t o  insure recovery i f  a reasonable percentage su rv i ve  a s p e c i f i c  
t ime: (2) t he  use o f  a t e s t  organism t h a t  has r e l a t i v e l y  low s u r v i v a l  i n  
a dry  s t a t e  a t  room temperature; and ( 3 )  a t e s t  span o f  one t o  th ree  weeks. 
The r e s u l t s  obta ined f o r  the recovery o f  vege ta t i ve  c e l l s  f rom Eccofoam 
FP and diatomaceous e a r t h  a r e  g iven here in.  
MATERIALS AND METHODS 
Eccofoam FP 1 
About a b i l l i o n  lyophol ized powdered S e r r a t i a  marcescens c e l l s  were 
mixed i n t o  ten  grams o f  Eccofoam FPfc (polyurethane) then one gram o f  
Ca ta l ys t  12-6 was added t o  the mixture.  A f t e r  c u r i n g  one day a t  room 
temperature, one- four th  o f  the sample was cu t  i n t o  smal l  p ieces and d i v ided  
;k Manufactured by Emerson E Cumings, Inc., 869 Washington S t . ,  Canton, Mass. 
2 
amogg th ree  0.05% Tween 20 blanks conearning g lass beads. 
shaken ten  minutes then assayed f o r  v i a b l e  count by the pour p l a t e  method 
w i t h  t r y p t i c a s e  soy agar as c u l t u r e  medium. P la tes  were incubated a t  32 C 
f o r  24 hours before colony counts were made. This  procedure was repeated 
7, 14, and 21 days l a t e r .  
The samples were 
D i a t  omaceous Ea r t  h 
The lyophol ized powdered 2. marcescens c e l l s  were suspended i n  water 
p rev ious l y  b o i l e d  t o  d i s s i p a t e  the ch lo r i ne .  Ten m i l l i l i t e r s  o f  t h i s  sus- 
pension (9 x 106/m1) were mixed w i t h  13 grams o f  diatomaceous ear th .  The 
th ick -mois t  m ix tu re  was packed i n t o  a 24711 syr inge rev ious l y  mod i f ied  by 
m ix tu re  was extruded i n  1/2 cc po r t i ons  ( p e l l e t s )  on t o  a g lass p la te,  
sever ing the  po r t i ons  w i t h  a scapel. The p e l l e t s  were al lowed t o  a i r  d r y  
one day. Then each of four p e l l e t s  were placed i n  a 0.05% Tween 20 b lank 
con ta in ing  glass beads and shaken 10 minutes. The samples were assayed 
f o r  v i a b l e  count i n  the manner descr ibed above. 
c u t t i n g  the  t i p  f l u s h  t o  the  bottom o f  the  b a r r e l  - 29 . Immediately, the 
RESULTS AND D I S C U S S I O N  
The r e s u l t s  summarized i n  Table I i n d i c a t e  t h a t  v i a b l e  vege ta t i ve  
c e l l s  o f  2. marcescens entrapped i n  Eccofoam FP o r  diatomaceous e a r t h  can 
be recovered a f t e r  var ious per iods o f  t ime. Since small, but  not  micron 
s ized  pieces o f  Eccofoam FP were assayed, i t  i s  probable t h a t  most o f  the  
v i a b l e  bac te r ia  entrapped i n  the p l a s t i c  were not l i b e r a t e d  o r  recovered. 
However, a s i g n i f i c a n t  number o f  organisms was recovered t o  i n d i c a t e  t h a t  
vege ta t i ve  bac te r ia  entrapped i n  a s o l i d  could be v i a b l e  f o r  weeks. I t  
appears t h a t  2. marcescens would remain v i a b l e  longer i n  Eccofoam FP than 
i n  diatomaceous ear th .  
Eccofoam i s  a polyurethane foam t h a t  probably i s  on ly  s low ly  permeable 
t o  water  vapor. The r a t e  dry 2. m rcescens d ies  is dependent on the  r e l a -  
on g lass  can su rv i ve  a t  l eas t  several days a t  high, medium and low RH and 
f o r  severa l  months a t  h igh  and low RH's  a t  25 C but  t h a t  i t  d ies  o f f  a t  
in te rmed ia te  RH values. I t  i s  recognized t h a t  a v a r i a b l e  RH can be much 
more l e t h a l  than a constant RH, t o  such organisms. 
t i v e  humidi ty.  Previous s tud ies  ze-- showed t h a t  l yopho l ized  2. marcescens 
When about a m i l l i o n  2. marcescens c e l l s  i n  aqueous suspension were 
d r i e d  on g lass a t  room temperature f o r  24 hours on ly  one organism was 
recovered. However, some S .  marcescens surv ived over a week i n  diatomaceous 
ear th .  The reason f o r  t h i s  i s  probably due t o  the  good s u r v i v a l  r a t e  o f  
mois t  o r  wet 2. marcescens but  once the  organism d r i e s  a t  normal ly  en- 
countered RH 's  i t  d ies  rap id l y .  The r a t e  o f  d r y i n g  i s  a h i g h l y  important 
f a c t o r  i n  the s u r v i v a l  r a t e  o f  vegeta t ive  microorganisms. A rap id  des ic -  
c a t i o n  as i n  l y o p h o l i z a t i o n  o r  f reeze-dry ing y i e l d s  a much g rea te r  s u r v i v a l  
3 
r a t e  than the  r e l a t i v e l y  Slow dry ing  from an aqueous suspension a t  ambient 
cond i t ions .  I t  i s  apparent t h a t  the diatomaceous e a r t h  d r i e d  a t  a slower 
r a t e  and was s t i l l  moist  a f t e r  one day as evidenced by the  l ack  o f  k i l l  i n  
the  one day sample. 
Al though the  t e s t  procedure used i n  t h i s  study o f  the  s u r v i v a l  o f  S. 
marcescens i n  Eccofoam FP was q u a l i t a t i v e ,  an approximate D value can be 
ca l cu la ted  s ince  the method of sampling was constant.  I n  o ther  words, the 
amount o f  sur face exposed by c u t t i n g  up the  sample f o r  assay each t ime was 
approximately the same. The death r a t e  i s  l oga r i t hm ic  and the D va lue 
about 4.5 days. 
marcescens i n  diatomaceous e a r t h  cannot be determined. 
Without considerably more data the death r a t e  f o r  2. 
The a b i l i t y  o f  vegeta t ive  bac te r ia  t o  su rv i ve  i n  an e l e c t r o n i c  
component undoubtedly depends upon the  microorganism and the  ma te r ia l  i n -  
volved. However, on the bas is  o f  the data presented here i t  must be assumed 
t h a t  vegeta t ive  bac te r ia  entrapped i n  a component can remain v i a b l e  over an 
extended per iod  o f  t ime. 
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Table I. 
Recovery o f  5. marcescens from Eccofoam FP 
and Diatomaceous Ear th 
Time Number Organisms Recovered 
:(Days) From Eccofoam FP:k 
1 6,000,ooo 
7 1,500,000 
14 6,000 
21 1,500 
Number Organi sms Recovered 
From D i a tomaceous Ea r th;’=k 
35,000,000 
2,200 
* Each e n t r y  i s  based on the  t o t a l  number organisms recovered from 
the  th ree  samples assayed. 
The estimated con t ro l  = 250,000,000 2. marcescens c e l l s .  
J-1-  
“ 4 .  Each e n t r y  i s  based on the t o t a l  number organisms recovered from 
the  ?,our p e l l e t s  assayed. 
The estimated con t ro l  = 24,000,000 2. marcescens c e l l s .  
- Not assayed. 
